Introduction
============

The average age and life expectancy have increased in Korea due to the aging of the society. Accordingly, the incidence of degenerative arthritis has increased sharply[@b1-ksrr-28-270]. Degenerative knee arthritis is one of the most common diseases in the elderly.

There are many treatment options for degenerative arthritis. Conservative treatments include medication and physical therapy. Surgical treatments include arthroscopic operation, corrective osteotomy, and knee replacement arthroplasty. It is important to select an adequate treatment option considering patient age, level of activity, lower extremity alignment, and body mass index[@b2-ksrr-28-270],[@b3-ksrr-28-270].

Proximal tibial osteotomy has been used to treat knee joint degenerative arthritis with varus deformity since first described in 1960 by Jackson and Waugh[@b4-ksrr-28-270]. Although subsequently refined[@b5-ksrr-28-270], it has more recently become less popular because of the development of total knee replacement arthroplasty (TKRA)[@b6-ksrr-28-270],[@b7-ksrr-28-270]. In spite of the increasing use of TKRA, proximal tibial osteotomy is still a primary choice in active, relatively young knee osteoarthritis patients whose lesions are limited to the medial compartment, because the approach can slow the progress of degeneration, relieve pain, and correct lower extremity alignment[@b1-ksrr-28-270],[@b8-ksrr-28-270].

In the present study, we retrospectively examined the long-term clinical results of combined proximal tibial osteotomy and arthroscopic operation in the knee joint degenerative arthritis. Clinical and radiologic results of the patients were studied. We hypothesized that the outcomes of proximal tibial osteotomy combined with arthroscopic operation would be beneficial for the treatment of medial osteoarthritis and intra-articular lesions for relatively young patients.

Materials and Methods
=====================

1. Subjects
-----------

After approval of our Institutional Review Board, we retrospectively assessed 26 patients (32 knees) that had been followed for at least 5 years. The patients underwent proximal tibial medial open wedge osteotomy and arthroscopy due to knee joint degenerative arthritis by the senior author from June 1996 to March 2010. The 26 patients comprised 8 males and 18 females, with a mean age of 49.3 years (range, 41 to 60 years) at the time of surgery. The mean follow-up duration was 8 years and 9 months (range, 5 years 4 months to 12 years 10 months) ([Table 1](#t1-ksrr-28-270){ref-type="table"}). Surgical indications were age under 60, Kellgren-Lawrence grade[@b9-ksrr-28-270] III or IV in which lesions were limited to the medial compartment, malalignment with a genu varum (hip-knee-ankle \[HKA\] angle passed through the medial tibial plateau or was more than −3° compared to the opposite site), no general laxity, flexion contracture under 15°. Patients with rheumatoid arthritis, history of treatment for fracture around the knee joint, or a lesion in the patellofemoral joint or lateral compartment of femorotibial joint were excluded.

2. Surgical Procedure
---------------------

The HKA and femorotibial angles were assessed using the preoperative weight bearing anteroposterior plain radiographs. The ideal postoperative HKA angle and femorotibial angle were considered as valgus 3°--5° and valgus 8°--10°, respectively. An arthroscopic microfracture was done if there were International Cartilage Repair Society grade 3 or 4 lesions in the femoral or tibial articular cartilage. Arthroscopic partial meniscectomy was performed for medial meniscus tears. Other procedures including loose body removal, plica excision, and synovectomy were done. Position change to Trendenlenburg 10° after arthroscopic procedure and longitudinal skin incision were done about 5 cm distal to the medial joint line, perpendicular to the pes anserinus. Proximal to the pes anserinus, superficial medial collateral ligament was dissected off the posteromedial cortex of the tibia. After soft tissue dissection, a blunt Hohmann retractor was inserted posteriorly to protect posterior neurovascular structures. A guide wire was inserted 2.5--3 cm below the medial joint line to the area between the tip of the fibular head and the circumference line of the fibular head (the safe zone) ([Fig. 1](#f1-ksrr-28-270){ref-type="fig"})[@b10-ksrr-28-270]. The location of guide wire was examined by a fluoroscope. The osteotomy was performed just above the guide wire using an oscillating saw, and an osteotome chisel was placed into the osteotomy site. During osteotomy, care should be taken to ensure the osteotomy line extends 1 cm medial to the lateral cortex to avoid lateral cortical fracture[@b10-ksrr-28-270] and is parallel to posterior tibial slope on the sagittal plane. After opening the osteotomy site using a bone spreader, an electronic coagulator was aligned from the center of the hip joint to the center of the ankle joint to pass 62% lateral to the tibial plateau (Fujisawa point)[@b11-ksrr-28-270]. The site was fixed using a Chang tibia osteotomy plate system (C&S Medical, Seoul, Korea), and a demineralized chip bone allograft was applied at the open wedge osteotomy site. Finally, alignment of the lower extremity was checked using fluoroscope[@b12-ksrr-28-270].

3. Clinical and Radiologic Evaluation
-------------------------------------

Preoperative and postoperative Kellgren-Lawrence grade, HKA angle, femorotibial angle, medial proximal tibial angle, and posterior tibial slope angle were measured by plain radiography. Degenerative arthritis was evaluated by the degree of joint space narrowing, osteophytes, and subchondral sclerosis on weight bearing anteroposterior plain radiographs using Kellgren-Lawrence grade[@b9-ksrr-28-270]. HKA angle was measured as described by Moreland et al.[@b13-ksrr-28-270] using weight bearing whole lower extremity anteroposterior scanograms. The acute angle subtended between the line from the center of the femoral head to the center of both femoral condyles, and the line from the center of the tibial plafond to the center of both tibial condyles was defined as the HKA angle. A negative angle indicated genu varum and a positive angle indicated genu valgum ([Fig. 2](#f2-ksrr-28-270){ref-type="fig"}). The femorotibial angle was measured as described by Bauer et al.[@b14-ksrr-28-270] on weight bearing anteroposterior radiographs. The femorotibial angle was defined as the acute angle subtended by the long axis line from the center of femoral diaphysis 10 cm above the joint line to the center of femoral diaphysis 4 cm above the joint line and the long axis line from the center of tibial diaphysis 10 cm below the joint line to the center of tibial diaphysis 4 cm below the joint line. A negative angle indicated genu varum and a positive angle indicated genu valgum ([Fig. 3](#f3-ksrr-28-270){ref-type="fig"}). The medial proximal tibial angle was measured as the angle subtended by the long axis of tibia and a line parallel to the medial plateau on simple weight bearing knee joint anteroposterior radiographs[@b15-ksrr-28-270] ([Fig. 3](#f3-ksrr-28-270){ref-type="fig"}). Posterior tibial slope angle was measured as described by Brandon et al.[@b16-ksrr-28-270] on simple knee joint lateral radiographs. It was defined as the angle subtended between the tibial anatomical long axis, in the line between the center of the anteroposterior diameter measured just below the tibial tuberosity and the center of the anteroposterior diameter measured 5 cm distal to the former, and a line drawn from the medial tibial plateau ([Fig. 3](#f3-ksrr-28-270){ref-type="fig"}). All images were evaluated using a picture archiving and communication system (PACS; Techheim, Seoul, Korea), and two different observers independently measured preoperative and postoperative images. Clinical and functional evaluations were done before surgery, 3, 6, and 12 months postoperatively, and each year thereafter. Lysholm knee scoring scale and knee and function score of the American Knee Society were used for clinical evaluation[@b17-ksrr-28-270].

4. Postoperative Care
---------------------

Isotonic exercise of extensor and flexor muscles was started immediately postoperatively, with early joint motion exercise encouraged. Passive joint motion exercises (continuous passive motion) with muscle strengthening exercises were carried out, and partial weight bearing with crutch ambulation was recommended until 6 weeks after surgery. After the osteotomy site was blurred by X-ray, full weight bearing ambulation was started.

5. Statistical Analysis
-----------------------

IBM SPSS ver. 21.0 (IBM Co., Armonk, NY, USA) was used for statistical verification. Continuous variables were identified with standard distribution using the Shapiro-Wilk test, and preoperative and postoperative differences were identified using Paired *t*-test. Weighted kappa coefficient was used to evaluate the interobserver reliability.

Results
=======

Twenty four cases of articular cartilage defect of the medial femoral condyle were identified in arthroscopic examinations, and these lesions were treated by arthroscopic microfracture ([Fig. 4](#f4-ksrr-28-270){ref-type="fig"}). Eighteen cases of medial meniscus tear in the arthroscopic examinations were treated by arthroscopic partial meniscectomy. Four cases of pathologic plica identified in the arthroscopic examinations were treated by arthroscopic plica excision. The mean operation time was 67.2 minutes ([Table 1](#t1-ksrr-28-270){ref-type="table"}).

Preoperatively, there were 28 cases of Kellgren-Lawrence grade III and 4 cases of Kellgren-Lawrence grade IV. At the last follow-up after surgery, there were 25 cases of Kellgren-Lawrence grade III and 7 cases of Kellgren-Lawrence grade IV. There was no significant difference between preoperation and final follow-up (p\>0.05).

Preoperatively and postoperatively, the mean HKA angle was −5.7° and +5.5°, mean femorotibial angle was −1.9° and +9.8°, and mean medial proximal tibial angle was 82.9° and 90.5°, respectively (all p\<0.05). Mean posterior tibial slope was 6.2° preoperatively and 7.3° postoperatively (p\>0.05) ([Table 2](#t2-ksrr-28-270){ref-type="table"}).

Clinically, the mean Lysholm knee scoring scale was 63.6 preoperatively and 88.7 at the last follow-up. The mean American Knee Society score was 61.2 preoperatively and 86.6 at the last follow-up. The mean knee functional score was 59.3 preoperatively and 87.2 at the last follow-up. All differences were significant ([Table 3](#t3-ksrr-28-270){ref-type="table"}). At the final follow-up, 30 of 32 cases (93.8%) were satisfied with their symptoms.

After bone union was confirmed by radiography, the plate was removed in all cases. Six cases underwent second-look arthroscopic examination. Cases in which microfracture was performed on the medial femoral condyle featured fibrous cartilage covering and those where partial meniscectomy was performed for medial meniscus tear were free of tears in a second-look arthroscopic examination ([Fig. 4](#f4-ksrr-28-270){ref-type="fig"}).

There were no complications including infection, nonunion, limited range of motion, metal failure and correction loss at the last follow-up. In one case, conversion to TKRA was done due to arthritic change on the lateral compartment. Interobserver reliability was in "almost perfect agreement" with a weighted kappa coefficient of 0.82.

Discussion
==========

TKRA cannot be the primary treatment option for relatively young patients with knee joint degenerative arthritis lesions limited to the medial compartment. Instead, proximal tibial osteotomy and unicompartment knee replacement arthroplasty (UKRA) can be viable options for medial osteoarthritis. The Korean culture of sitting on the floor induces degenerative knee arthritis and genu varum deformity[@b18-ksrr-28-270],[@b19-ksrr-28-270]. In South Korea, the incidence of proximal tibial osteotomy has recently increased from 2,649 cases in 2009 to 8,207 cases in 2013[@b20-ksrr-28-270].

Spahn et al.[@b21-ksrr-28-270] analyzed 46 cases of proximal tibial osteotomy and 43 cases of UKRA. They reported there was no difference in the long-term results between the two procedures in terms of clinical and radiological outcomes and complications, which led to the recommended use of proximal tibial osteotomy for patients who were relatively young, active, and have medial degenerative arthritis. Floerkemeier et al.[@b22-ksrr-28-270] retrospectively analyzed 533 cases of proximal tibial open wedge osteotomy and reported that proximal tibial osteotomy had a better clinical outcome than UKRA in elderly patients whose articular surface was severely destroyed.

Many studies have addressed the effect of combined proximal tibial osteotomy and arthroscopic operation. Schuster et al.[@b12-ksrr-28-270] obtained excellent radiological and clinical results after carrying out proximal tibial osteotomy with arthroscopic curettage and microfracture, with 94.9% of patients being satisfied. Pascale et al.[@b23-ksrr-28-270] prospectively studied 40 cases of medial knee degenerative arthritis in two patient groups: proximal tibial osteotomy with and without arthroscopic microfracture. There were no significant differences between the two groups, but subjective satisfaction was higher in the former group at 5-year follow-up.

Some authors suggest that combined proximal tibial osteotomy and arthroscopic procedure is not effective. Jung et al.[@b24-ksrr-28-270] retrospectively compared 30 cases of combined proximal tibial osteotomy and arthroscopic subchondral drilling and 31 cases of proximal tibial osteotomy alone. There were no differences between the two groups in terms of clinical outcome and the degree of fibrous cartilage regeneration at two years of follow-up. Therefore, they suggested that arthroscopic subchondral drilling was not effective. Matsunaga et al.[@b25-ksrr-28-270] also reported that there was no benefit in clinical results of arthroscopic microfracture or curettage in proximal tibial osteotomy for medial osteoarthritis.

The benefit of additional arthroscopic operation in proximal tibial osteotomy is still unclear. There are several studies focusing on survival rates after high tibial osteotomy ([Table 4](#t4-ksrr-28-270){ref-type="table"})[@b26-ksrr-28-270]--[@b30-ksrr-28-270]. Harris et al.[@b26-ksrr-28-270] reviewed several literatures and suggested that the 5-year survival rate of combined proximal tibial osteotomy and arthroscopic procedure was 97.7%, and that of isolated proximal tibial osteotomy was 92.4%. Combined proximal tibial osteotomy and arthroscopic procedure is better than isolated proximal tibial osteotomy in the aspect of survivorship; however, there are numerous differences in surgical techniques, follow-up periods, inclusion criteria, and severity of medial compartment osteoarthritis among studies. In our study, the 5-year survival rate of combined proximal tibial open wedge osteotomy and arthroscopic operation was 96.9%; consequently, our results add weight to the findings described in the above studies.

Furthermore, additional arthroscopic operation in the proximal tibial osteotomy allowed evaluation of intra-articular lesions in patients who did not undergo preoperative magnetic resonance imaging and treatment of such lesions. Thus, it can be considered cost-effective.

Our study had several limitations. First, the sample size was not sufficiently large to draw conclusions. Second, the design of the study was retrospective. Third, there was no control group to compare the effects of additional arthroscopic treatment. Nevertheless, the significance of this study is that it attempted to analyze the effect of additional arthroscopic treatment in a more than 5 years of relatively long-term follow-up period.

Conclusions
===========

Medial open wedge proximal tibial osteotomy can be considered a good treatment option for degenerative arthritis of the medial compartment of the knee. Also, additional arthroscopic surgery would be helpful to treat intra-articular lesions and to prevent progression of arthritis.
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![Hip-knee-ankle angle (HKAA) measurement method and correction of varus deformity. Note that dash line passes the 'Fujisawa point'.](ksrr-28-270f2){#f2-ksrr-28-270}
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![(A) Osteochondral defect was detected in arthroscopy and microfracture was performed. (B) Second-look arthroscopic finding at 18 months after surgery: the articular surface was covered with fibrocartilage.](ksrr-28-270f4){#f4-ksrr-28-270}

###### 

Demographics

  Variable                             Mean (range)
  ------------------------------------ -------------------
  Age (yr)                             49.3 (41--60)
  Gander (M:F)                         8:18
  Preoperative symptom duration (mo)   39 (0.5--180)
  Follow-up duration (mo)              105 (64--154)
  Arthroscopic procedure (overlap)     
   Microfracture                       24 cases
   Meniscectomy                        18 cases
   Plica excision                      4 cases
  Body mass index (kg/m^2^)            25.9 (22.3--31.3)
  Average operation time (min)         67.2 (57--85)

###### 

Comparison of Radiographic Results

  Variable                           Preoperative   Final follow-up   p-value
  ---------------------------------- -------------- ----------------- ---------
  Kellgren-Lawrence grade (cases)                                     
   Grade III                         28             25                0.471
   Grade IV                          4              7                 0.121
  Hip-knee-ankle angle (°)           −5.7±1.2       5.5±0.9           0.013
  Femorotibial angle (°)             −1.9±0.9       9.8±1.1           0.012
  Medial proximal tibial angle (°)   82.9±2.1       90.5±1.8          0.017
  Posterior tibial slope angle (°)   6.2±1.3        7.3±0.8           0.319

Values are presented as mean±standard deviation.

###### 

Comparison of Clinical Results at the Final Follow-up

  Variable                    Preoperative   Final follow-up   p-value
  --------------------------- -------------- ----------------- ---------
  Lysholm knee score          63.6±8.5       88.7±6.4          0.013
  American knee score         61.2±6.6       86.6±5.9          0.010
  American functional score   59.3±9.2       87.2±7.2          0.008
  Range of motion (°)         125.2±6.4      134.8±5.2         0.079

Values are presented as mean±standard deviation.

###### 

Overview of Survival Rates after Proximal Tibial Osteotomy in Recent Studies

  Author                              Year   Additional arthroscopic operation          No. of cases   5-yr survival rate (%)
  ----------------------------------- ------ ------------------------------------------ -------------- ------------------------
  Harris et al.[@b26-ksrr-28-270]     2013   \-                                         4,396          92.4
                                             Procedure for articular cartilage lesion   399            97.7
  Sterett et al.[@b27-ksrr-28-270]    2010   Chondral resurfacing                       106            97.0
  Hernigou et al.[@b28-ksrr-28-270]   2010   \-                                         53             88.7
  Laprade et al.[@b29-ksrr-28-270]    2012   Diagnostic arthroscopy when indicated      47             96.0
  Bode et al.[@b30-ksrr-28-270]       2013   \-                                         62             96.0
